Honeyberry's popularity has been increasing because of its valuable traits: nutritional value of fruits (a high amount of ascorbic acid, potassium and polyphenolic compounds), early ripening (14 days before strawberry), exceptional hardiness and easy cultivation. However, there is still little known about the pollination biology of this species, which is essential for practical breeding purposes. In this study we evaluated pollen fertility in five cultivars and three breeding clones of this species. The impact of the manner of pollination on the fruit set and forming seeds has also been studied. The highest percentage of viable pollen was found in cultivars 'Duet' and 'Wojtek' (96%), whereas the pollen of 'Chelyabinka' cultivar had the lowest fertility (90%). The percentage of blue honeysuckle fruits obtained from open-pollinated flowers was high (on average 94.7%) compared to isolated flowers (on average 8.6%). The effect of cross-pollination with cv. 'Duet' indicates that the percentage of the fruit set, fruit weight and mass of produced seeds was higher when this cultivar was applied as maternal than paternal form. The number of seeds affected significantly the weight of the fruit in the case when cv. 'Duet' was used as a paternal (correlation coefficient r = 0.45) or maternal form (r = 0.66), while for other methods of pollination this effect was insignificant. These results may be used to the most efficient establishment of plantations as well as for the realization of the breeding program of this valuable species.
INTRODUCTION
Blue honeysuckle (Lonicera caerulea var. kamtschatica), also known commercially as haskap or honeyberry, is an early flowering (April-May), temperate fruiting shrub native to northern parts of Europe, Asia and North America. Blue honeysuckle belongs to fruit species with unique biological and chemical properties. Major positive features are extra early ripening, outstanding frost resistance of plants and flowers, and a high content of flavonoids and other bioactive substances [Plekhanova 2000] . A high total polyphenolic content and antioxidant activity are typical of blue honeysuckle berry [Zadernowski et al. 2005 , Kusznierewicz et al. 2012 and determines the edible value and health benefits of this plant. The multiple therapeutic effects of Lonicera berries include reducing blood pressure, decreasing the risk of heart attack, preventing osteoporosis and anemia, preventing hyperactivity in children, providing curative effect for malaria and gastrointestinal disorders, and slowing the aging process [Svarcowa et al. 2007 , Małodobry et al. 2010 , Jurikova et al. 2012 .
For a long time berries have been harvested from wild plants in the regions of Russia, China, and Japan. During the past several decades, research in Russia and Japan has resulted in cultivars being selected for commercial production [Thompson and Chaovanalikit 2003 ]. The evaluation of breeding materials also took place in Romania [Truta et al. 2013] and Estonia [Arus and Kask 2007] . Moreover, a comprehensive program of research on this species is being carried out at the University of Saskatchewan in Canada [Bors 2015] . These works on haskap cultivation have focused largely on the shape, taste and harvest ability of this fruit. However, despite honeysuckle is self-incompatible and requires other genotypes for cross-pollination [Hummer 2006 ], very little is currently known about its floral biology or pollinator specializations in particular cultivars. Studies of cultivars grown in Poland have found that it produces abundant pollen and nectar that is favored by honey bees and bumble bees, as well as a variety of solitary bees [Bożek 2007] .
Information on the manner of pollination, pollen germination, ovule fertilization, as well as other important aspects of anthesis will help refine and optimize the pollination strategy for this crop and ultimately help growers to maximize commercial yield. The determination of percent fruit set is a tool which every grower would benefit from. Percent fruit set refers to the percentage of blossoms which end up forming fruits.
The purpose of this study was to examine the effects of the manner of pollination on the percentage and weight of fruit set, as well as the number and weight of formed seeds in the honeyberry fruit. The influence of pollen fertility on these processes in particular genotypes was also tested. Investigated cultivars and clones planted in Department of Genetics and Horticultural Plant Breeding collection were chosen due to their good fruit quality and suitability to Polish climatic conditions.
MATERIALS AND METHODS
The research material consisted of a diverse group of genotypes including breeding clones 'Clone Nr 9', 'P' and 'T2', cultivars of Polish origin 'Duet', 'Warszawa', 'Wojtek' and Russian origin 'Chelyabinka' and 'Volshebnitsa'. Cultivars 'Chelyabinka' and 'Volshebnitsa' (selected from open pollinated seedlings of cv. 'Smolinskaya') were selected in the South Ural Research Institute of Horticulture and Potato Cultivation [Naugžemys et al. 2011 , Król--Dyrek 2017 . 'Wojtek' and 'Duet' cultivars were selected in the conditions of northern Poland by Zofia and Hieronoim Łukaszewski from seedlings derived from the open pollination of cultivars of this species imported from Russia [Pluta 2015] Those open-and self-pollination effects of tested set of genotypes were assessed as well as cross-pollination effects for cultivar 'Duet' used as a maternal and paternal form, according to formula presented by Ubysz-Borucka et al. [1985] for reciprocal crosses. There was also an estimate of yield expressed as the weight of fruit obtained from the pollination of 100 flowers for each method of pollination according to the formula (1): fruit yield = number of fruit set (pc.) × average fruit weight (g). Prior to that, pollen from each genotype was collected and microscopic preparations were made to assess pollen viability. Slides were colored with 2% solution of acetocarmin and glycerin (1 : 1) and examined using the Olympus BX41 microscope under magnification 400×. In every combination 100 grains in 10 fields of vision were analyzed (the microscopic slide). Pollen grains with 75-100% content of cytoplasm were taken as vital. Means for analyzed traits were evaluated for significant differences using Duncan's and t tests with α = 0.05. Correlation, multiple regression and cluster analyses were carried out to determine the relationship between the analyzed characteristics and genotypes. Statistical analyses were performed using Statistica 13.1 [2017] software (StatSoft Polska).
RESULTS
The analysis of the effect of the method of pollination on fruit set in blue honeysuckle clearly indicates the negative consequences of selfpollination process (tab. 1.) Although the pollen viability was high -on average 93.7% (the highest in the 'Duet' cultivar, the lowest in the 'Chelyabinka' cultivar), the selfed genotypes formed only from 1 to 20% of fruit (on average 8.6%). In this respect they differed significantly in relation to open-pollination and cross-pollination of cultivar 'Duet'. The use of this method of pollination caused a decrease in fruit set on average by 90% compared to the open-pollination. The most extreme effects of inbreeding depression occurred in two cultivars ('Chelyabinka', 'Warszawa') and two advanced clones ('T2', 'Nr 9'). On the other hand, the share of fruit-bearing flowers resulted from open-pollination was high and ranged from 86 to 100%. Only two of the tested cultivars ('Volshebnitsa' and 'Chelyabinka') were characterized by significantly lower percentage of fruit set. Analyzed characteristics in cross-pollination depended on the use of cultivar 'Duet' as a paternal or maternal component. Significantly higher results were obtained when this cultivar was regarded as a maternal (49.3%) than as a paternal form (37.9%) and therefore most of the reciprocal effects are positive. Among them, those statistically significant involved combinations of cross-pollination of the maternal cultivar 'Duet' with the cultivar 'Wojtek' as well as 'Nr 9' and 'T2' clones. The negative aspect of self-pollination is also expressed in a decrease in weight of the fruit (tab. 2). Fruits resulting from self-pollination have an average weight of about half as large as those obtained from open-pollination. The highest decrease in the weight of the fruit has been observed in a cultivar 'Warszawa' (81.2%) and the lowest in 'Clone Nr 9' (7.7%). Fruits obtained from cross-pollination of cultivar 'Duet' used as a maternal form had significantly higher fruit weight as compared to other methods of pollination. However, as reciprocal effects for 'Clone T2' suggested, better results can be achieved by treating a cultivar 'Duet' as a pollenizer.
The greatest number of seeds in the fruit was obtained after pollination of 'Clone Nr 9' with pollen from cultivar 'Duet' (tab. 3). Since the opposite crosspollination was characterized by low levels of this trait, therefore the reciprocal effects proved to be statistically significant. The other cross-pollinations were predominated by low or negative reciprocal effects. Because of this, cultivar 'Duet' is characterized by higher results as pollenizer than the maternal form. However, their mean values were statistically similar and also were not significantly different from those obtained from openpollination. Fruits obtained from open-pollination were characterized by a high number of seeds in the 'Clone Nr 9', 'P' and cultivar 'Warszawa' and low in cultivars 'Wojtek' and 'Volshebnitsa'. This last cultivar, similarly to 'T2 clone', was characterized by a low level of this characteristic also after self-pollination. Selfpollination resulted in a significant decrease in the number of seeds in the fruits of all the tested genotypes. The average value of this feature decreased by 68.1% compared to open-pollination.
The pollination mode was found to have a significant effect on the seed weight (tab. 4.). The average weight per 100 seeds was 297.4 mg for fruits formed under free insect visitation of the flowers and 183.6 mg from isolated flowers (decrease 38.3%). The highest values of this trait was recorded in the case of cross-pollination where cv. 'Duet' was a maternal form (on average 387.1 mg). In the case of four tested accessions the reciprocal effects proved to be statistically significant. The analysis of clusters in terms of the analyzed properties of genotypes after their open-, selfpollination and cross-pollination of the cultivar 'Duet' revealed their distinctiveness. As can be seen on the dendrogram ( fig.1 ) self-pollinated genotypes were grouped first and they all formed single cluster. On the other hand, subjected to the openpollination genotypes formed two clusters, one composed of 5 genotypes and the other clearly distinct including of cultivars 'Duet', 'Wojtek' and 'Clone T2'. Similarly distinct clusters were formed by genotypes being maternal or paternal forms in cross-pollination with cultivar 'Duet' (fig. 2) . However, in this case 'Clone T2' and cultivar 'Wojtek' as paternal forms were incorporated into the cluster created by the maternal forms.
In the analysis of the relationship between the tested characteristics, it is necessary to indicate those affecting the fruit weight (tab. 5). Among them, the weight and number of seeds correlated positively with this feature in cross-pollination of cultivar 'Duet', but not in self-pollinations. In all combinations of pollinations high correlation coefficient occurred between seed number and seed weight. Moreover, pollen viability significantly affected fruit set in all pollination modes except using cultivar 'Duet" as a parental form. The model of multiple regression for pollen viability, percentage of fruit set, number of seed per fruit and seed weight vs. berry weight was statistically significant for the open-pollinations and use cv. 'Duet' as parental and maternal form, whereas it was irrelevant for selfpollinations. Multiple coefficient of determination explained respectively 61, 81 and 65% of the variability of the variable -the fruit weight. In the regression model the number and the weight of the seeds proved to be statistically significant factors. Multiple regressions produced the equation: for open-pollination, fruit weight = -0.002 (pollen viability) + 0.014 (fruit set) + 0.063 (seed number) + + 0.043 (seed weight); for parental form 'Duet', fruit weight = -0.009 (pollen viability) + 0.004 (fruit set) + 0.089 (seed number) + 0.068 (seed weight); and for maternal form 'Duet', fruit weight = 0.017 (pollen viability) + 0.002 (fruit set) + 0.053 (seed number) + 0.037 (seed weight). The use of the 'Duet' as a pollenizer for the tested cultivars and clones did not affect their yield potential, mainly due to insufficient fruit formation (tab. 6). Average fruit yield obtained from open-pollination of 100 flowers calculated according to the formula 1 (59.66g), was higher than that calculated in the same way for fruit yield after pollination of flowers with the 'Duet' cultivar (25.01g). Also in any combination of cross-pollination where the 'Duet' was a paternal form, the calculated fruit yield was not higher than the mean obtained by openpollination. However, among the pollenizers tested for this maternal cultivar, the beneficial effect of 'Clone Nr 9' was observed (78.0g -'Duet' × 'Clone Nr 9' vs. 61.75g for open pollination cv. 'Duet'). Table 5 . Effect of pollination mode on the value of the correlation coefficient (r) and regression (b) fruit weight vs. pollen viability, fruit set, number and weight of seeds 
DISCUSSION
The investigated genotypes of blue honeysuckle had high pollen viability (tab. 1). The same cultivars tested in 2010-2012 by Gawroński et al. [2014] had similar mean pollen fertility, which ranged from 91.9 to 98.4%. High value of this trait was also estimated in honeyberry by Boyarskikh [2017] and Bieniasz et al. [2015] .
Based on these results it is clear that both openpollination and cross-pollination have a positive influence on the percentage of fruit set, their weight, number and weight of seeds. Similar conclusions derive from a study conducted by Bożek [2012] , where the percentage of fruit-bearing flowers during self-pollination was low and in the case of 'Atut' cultivar the average was 9.4% whereas for cultivar 'Duet' it was 23.8%. In our study we observed significant decrease (90.2%) in the percentage of fruit set under isolation in comparison with openpollination, as in the work of Bieniasz et al. [2015] who also emphasized the genotypic diversity in this respect. According to these authors, cultivars such as 'Docz Velikana' and 'Indigo Treat' are characterized by a higher percentage of fruit set resulting from selfpollination. On the other hand, cultivars such as 'Omega' and 'Solowij' do not set fruit when they are selfed. Moreover, as Ehlenfeldt [2001] demonstrated for blueberry, cross-pollination accelerated ripening time and significantly increased fruit weight and seed number. Bors [2008] indicates the necessity to select the pollenizers to obtain a sufficiently high percentage of fruit set. Selection of pollenizer becomes particularly important when cultivar is planted in solid blocks. This may result in a high percentage of selfpollination and, as a consequence, yield reduction. However, the predicted yield potential of the cultivar after selecting the appropriate pollenizer may be reduced due to the possibility of partial selfpollination. The results of research conducted in this study suggest that for cultivar 'Duet' the best pollenizer is a 'Clone Nr 9', while the cultivar 'Duet' is most suitable pollinizer for 'Clone T2' and cv. 'Warszawa'. Average fruit weight for the tested cultivars after open-pollination was lower than that obtained previously for the same genotypes by Gawroński et al. [2014] . Nevertheless, the ranking of cultivars in terms of this characteristic was almost identical. This condition may be caused by mutual shading of crowns, excessive density of the branches, as no pruning was performed and the bushes were in their 8 th , 9 th and 10 th year of vegetation. Szot and Lipa [2013] studies, on the other hand, proved that berries from pruned bushes were characterized by significantly bigger mass of individual fruit. Particularly low mass of fruit is caused by self-pollination and as stated Boyarskikh [2017] and Thompson [2006] , such cultivar produces a relatively light crop of smaller than normal berries due to their having very few seeds. However, as was observed by Ehlenfeldt and Martin [2010] in V. corymbosum, berries with similar seed numbers varied in weight as much as 39-86% among years, depending on the cultivar. Fruit weight was one of the traits strongly associated with the manner of pollination. In our research the weight of fruit set as a result of open-pollination was almost 72% higher than in the case of self-pollination. In Bożek [2012] study, fruits formed from isolated flowers had about 45-50% lower weight, than those developed from flowers accessible to pollinating insects. The number and weight of seeds in the studied cultivars and clones also decreased (by 68.1% and 38.3%, respectively) due to the isolation of flowers from pollinators. These features are in agreement with the report of Bożek [2012] in which the flowers of blue honeysuckle, which were isolated to prevent insect foraging, produced multiple fruits, characterized by a significantly lower number of seeds. In the experiment performed by Bieniasz [2007] with highbush blueberry, the mean number of seeds per berry was higher for open-pollination in all cultivars tested. Similarly, a much larger number of seeds were obtained from the fruits produced as a result of crosspollination in raspberry [Żurawicz 2015] .
So far, in literature, information on the relationship between the analyzed characteristics of blue honeysuckle is rare. Hence, the obtained results will be also compared to those obtained in other species. The close relationship between fruit weight and seed number presented in this study was also reported by Kulikova and Boyarskikh [2015] in L. caerulea subsp. altaica plants. Similar results were observed in blueberry [Isaacs and Kirk 2010] , strawberry [Hortyński et al. 1991] and kiwifruit [Sotomayor et al. 2010] . The high value of the correlation coefficient between the number of seeds and their weight was observed in strawberry [Kaczmarska et al. 2008] , between fruit weight and seed weight in white crowberry [Oliveira and Dale 2012] and Sorbus domestica [Miko and Gazo 2004] . Strik et el. [1996] examined the relationship between the fruit weight and drupelet (seeds) number using the regression analysis in four blackberry genotypes. The regression equations were significant with drupelets number per berry from 0.05 to 0.12, which is close to the results presented in this paper.
CONCLUSION
The results clearly indicate the need to use different genotypes in the cultivar composition of the plantations. This will result in much higher yields as compared to plantations with a significantly reduced number of cultivars. With a limited number of genotypes on the plantation it becomes necessary to select the appropriate pollenizer for obtaining sufficient fruit set and this may be supported by high pollen viability of such cultivar. It would be advantageous if the pollinating cultivar would also have a high productive value. The analysis of the relationship between the characteristics suggests that the implementation of breeding strategy aimed at increasing the weight of the fruit may be realized by increasing the number of seeds per berry.
